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A hot water tank and method for esti- 
mating an available quantity of usable water 
having a desired water temperature therein, 
the tank being fed by cold water heated by 
a controllable heating element containing an 
electrically conductive wall, a heating ele- 
ment and at least three temperature sensors 
disposed at respective heights of the tank for 
measuring local water temperature at respec- 
tive points thereof. Each of the tempera- 
ture sensors is an electrical conductor formed 
of a material different to that of the electri- 
cally conductive wall of the tank and which 
is bonded to the wall so as to form a thermo- 
couple at a respective point of contact. 
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HOT MATER TANK 



FIELD OF THE INVENTION 

This invention relates to hot water installations and, in particular, to 
thermostatic control of the water temperature in such devices. 

BACKGROUND OF THE INVENTION 

5 Domestic hot water installations typically include a hot water tank which 

may be situated within a house or apartment or, alternatively, on the roof thereof. In 
either case, the hot water temperature is normally factory set, provision possibly 
being made for adjustment thereof during installation. Typically, such adjustment 
requires specialized knowledge and/or tooling and is beyond the ability of the 

10 average house-holder. 

In such hot water systems, the water is maintained at the same constant 
temperature throughout both winter and summer and a person wishing to take a 
shower mixes hot water from the tank with cold water in order to achieve a 
comfortable shower temperature, typically between 40°C and 45°C. This is, clearly, 

15 an extravagant waste of energy since during the summer, when the ambient air 
temperature is high, much less hot water is required in the mix than in winter when 
the ambient temperature is low, since the temperature of the cold water is then 
correspondingly low and so more hot water is required to raise the average 
temperature of a desired quantity of shower water to the desired temperature. 
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In countries wherein the sun can be relied on to shine for most days of the 
year it is very common to provide hot water either exclusively or, at least in part, by 
solar heating. A solar panel is provided on the roof of the building and hot water is 
contained in a storage tank also normally situated on the roof of the building 

5 adjacent to the solar panel. Water is fed to the domestic hot water supply system via 
a thermally insulated pipe running from the storage tank on the roof of the building 
and gaining entrance to the domestic hot water supply. 

Whether the water is heated using solar power or other means, some 
electrical backup is also normally provided in the form of an electrical immersion 

io heater disposed within the hot water tank. The immersion heater brings the hot 
water up to temperature relatively quickly, and is often used fairly indiscriminately 
by a householder who wishes to take a bath or a shower quickly and speculates that 
the hot water temperature is inadequate. Owing to the fact that the householder has 
no way either of adjusting or even measuring the actual temperature of the hot 

15 water in the storage tank, the decision to boost the hot water temperature by using 
the electrical immersion heater amounts to guesswork on the part of the 
householder and, as often as not, will result in unnecessary wastage of energy. 

Furthermore, owing to the high cost of electricity, it is obviously desirable to 
use an electrical immersion heater in order to boost the water temperature only to 

20 the extent that is absolutely required. For example, a person who wishes to boost 
the water temperature prior to taking a shower, clearly has no need to heat the water 
tank "temperature profile" to the highest temperature enabled by the boiler 
thermostat. It is sufficient to heat the water tank "temperature profile" such that, 
when the hot water in the tank is mixed with cold water derived from the cold 

25 water supply, the resulting hot water temperature is around 40 to 45°C (the 
temperature usually most comfortable for a shower) for the desired shower 
duration. However, since it cannot be predicted in advance how much cold water 
will be mixed with the hot water in the tank, it is no simple matter to indicate to the 
householder how much of a water tank's contents are at a sufficiently high 
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temperature so that the resulting water temperature, after mixing with cold water, is 
at a desired, pre-set temperature. 

Moreover, as is known, domestic water tanks allow for the hot water to be 
syphoned off at the top of the tank and to be replaced by cold water which is fed in 

5 at the bottom of the tank. Notwithstanding the constant hot water drainage and cold 
water replacement which thus ensues, there exists a marked temperature gradient 
throughout the tank such that the temperature of water toward the upper part of the 
tank is greater than that of the water near the base of the tank. Thus, merely placing 
a temperature probe toward the upper surface of the tank would tend to provide an 

10 artificially high reading; whilst placing a temperature probe toward the base of the 
tank would provide an artificially low reading. In the former case, a householder 
might be tempted to take a shower under the misguided impression that there is 
sufficient hot water in the tank, only to find in practice that the water is too cold. In 
the latter case, the householder would be tempted to heat the water for an 

15 unnecessarily long time under the misguided impression that the water temperature 
has not yet reached a comfortable threshold. Furthermore, the amount of "shower 
water" depends also on the temperature of "cold" water in the cold water supply 
cock which itself depends on the surrounding temperature. 

U.S. Patent No. 5,556,564 (Wittner) discloses a control unit for controlling 

20 the temperature of a domestic water supply, comprising at least two temperature 
sensors for inserting into a water tank so as to produce respective sensor signals 
representative of actual water temperature in a region of the temperature sensor and 
an electrical immersion heater for inserting into the water tank and energized by a 
source of electrical power. A setting device is adjusted by a user for setting a 

25 desired water temperature and producing a corresponding set signal, and a 
controllable switch is connected between the source of electrical power and the 
electrical immersion heater, and is responsive to the sensor signals and to the set 
signal for closing if the actual water temperature is lower than the desired water 
temperature and for opening if the actual water temperature is greater than the 

30 desired water temperature. 
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The Wittner device is typical of prior art devices which place several 
temperature sensors at predetermined heights within the hot water tank so that their 
respective readings give the householder an indication of the local temperature of 
the water in the vicinity of the sensor. Such affixing of temperature sensors at 

5 different heights within the water tank is preferably performed during manufacture 
of the tank itself. To the extent that they are inserted after the tank is manufactured, 
this can be done only by boring holes through the wall of the tank, inserting the 
temperature sensors and then sealing the holes against water leakage in a manner 
which will withstand the water pressure in the tank. This is clearly an involved 

10 procedure which adds to the cost of the tank and may detract from its reliability. 

Furthermore, the temperature sensors must be protected against corrosion 
owing to their direct contact with water. Also, some prior art devices employ 
several heating elements for heating different spatially distributed volumes of water 
on the basis that if only a small quantity of water is required, then only the 

15 uppermost level of water need be heated. This is true, but a householder cannot 
possibly know whether a small or large quantity of tank water needs heating since 
this depends, amongst other factors, on the cold water temperature and the 
temperature profile of the water in the tank. Thus, in winter when the cold water is 
at a much lower temperature than in the summer, a householder will naturally mix 

20 less cold water from the cold water supply with the hot water in the tank than he or 
she would do in summer. Therefore, the nominal volume of hot water available in 
the tank translates into different actual quantities of usable water depending on the 
cold water temperature. The prior art addresses the problem of estimating a volume 
of available water in the tank having a specified average temperature, but does not 

25 appear to take into consideration that what is of interest to the user is the actual 
volume of usable hot water, which may well be considerably more than the nominal 
hot water volume in the tank. 
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SUMMARY OF THE INVENTION 

It is an object of the invention to provide a hot water tank having multiple 
temperature sensors affixed thereto in a manner which addresses the drawbacks 
associated with hitherto approaches. 

5 According to a first aspect of the invention there is provided a hot water 

tank containing an electrically conductive wall, a heating element and at least three 
temperature sensors disposed at respective heights of the tank for measuring local 
water temperature at respective points thereof, wherein each of the temperature 
sensors is an electrical conductor formed of a material different to that of the 

io electrically conductive wall of the tank and which is bonded to the wall so as to 
form a thermocouple at a respective point of contact. 

Water temperature is controlled by a control unit coupled to the thermo- 
couples and responsive to respective signals produced thereby for estimating a 
quantity of hot water in the tank and providing an indication thereof to a user of the 

15 hot water tank. The control unit is also adapted to control a rate at which water in 
the tank is heated so that a required quantity of shower water, for example, at the 
desired water temperature (around 43 °C) is available at a specified time. 

The configuration according to the invention results in a very simple and 
low cost system requiring no changes in the structure of the water tank. Typically, 

20 the only change required is to solder five thermocouple wires to the external wall of 
the water tank and on the cold water input pipe or on the user's cold water cock. 
The thermocouples have no direct contact with the water, thus not being susceptible 
to corrosion or amortization and remaining reliable for the whole life of the water 
tank. 

25 The control unit allows energy saving since water is heated only according 

to the user's needs. If operating properly there is no wastage caused by extra hot 
water that becomes cold after no usage. The expected life of the water tank is 
enhanced by the non-invasive manner in which the temperature sensors are affixed 
to the tank. The tank's longevity is further increased by reducing the quantity of 
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water that is heated unnecessarily thus reducing the accumulation of harmful lime 

sediment in the tank. 

The control unit provides greater user convenience since the user has the 

certainty of a required quantity of shower water at any time (the quantity of shower 
5 water can be given either in liters or in terms of time for which shower water is 

required.) He can plan his day accordingly and can order a specific quantity of 

shower water at scheduled times. It also gives him an indication at any time during 

the day of the amount of shower water there is in either the hot water tank, or in a 

selected portion thereof. This can save him extra costs for unnecessarily heating 
10 wasted hot water. The system obviates the need for the existing boiler thermostat 

since the thermocouples measure the hot water temperature whilst the control unit 

controls the heating element. 

The invention is applicable to all kinds and sizes of water tanks and boilers 

and not only for domestic boilers regardless of the kind of heating energy. The 
15 water tank according to the invention can form part of an integrated system for 

connection as a host to a central computer control for operating the control unit 

remotely. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order to understand the invention and to see how it may be carried out in 
20 practice, a preferred embodiment will now be described, by way of non-limiting 
example only, with reference to the accompanying drawings, in which: 

Figs, la and lb are schematic representations of a hot water tank according 
to different embodiments of the invention; 

Fig. 2 is a block diagram showing functionally a control unit for controlling 
25 the water temperature in the hot water tank shown in Fig. 1 ; and 

Figs- 3 to 5 are flow diagrams showing the principal operating steps carried 
out by the control unit shown functionally in Fig. 2. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Fig. la shows a first embodiment of a hot water tank 10 having a cold water 
inlet 11, a hot water outlet 12 and a heating element 13. The tank 10 has an outer 
wall 14 formed of iron to which there are soldered four constantin wires 15, 16, 

5 17and 18 (constituting electrical conductors) at equally spaced intervals so as to 
provide a temperature profile through the tank. A fifth constantin wire 19 is 
soldered to a base 20 of the tank near the level of the cold water inlet 11 so as to 
measure the temperature of the cold water entering the tank. A fifth wire 21 formed 
of iron, being the same material as the tank wall, acts as a common wire which is 

io soldered to the base 20 of the tank and all six wires are fed to an electronic control 
unit 22 that is responsive to the respective temperature differences across each of 
the thermocouple's ends for estimating a quantity of hot water in the tank and 
providing an indication thereof to a user thereof. Each of the constantin wires in 
conjunction with the common wire form respective thermocouples across which 

15 there is generated a voltage which is a function of the temperature difference across 
opposite ends of the wires. Thus, one junction of each thermocouple is formed 
between the constantin wires and the iron wall and base of the tank, whilst a remote 
junction of each thermocouple is formed between the constantin wires and the 
common wire remote from the tank. Thus, in order that the absolute temperature of 

20 the junction of each thermocouple at the hot water tank be determined, the 
temperature of the remote junction must first be measured and added to the 
temperature difference across opposite ends of the respective thermocouple. To this 
end, a thermistor 23 is provided near the common junction of the thermocouples 
which are themselves anchored in a terminal strip 3 1 outside the control unit 22 and 

25 connected thereto by respective wires 32 (constituting "auxiliary conductors") all 
formed of the same material, although not necessarily of identical material to the 
thermocouple wires. The location of the terminal strip 31 is not important: it can be 
provided anywhere between the water tank 10 and the control unit 22 and may, if 
desired, form an integral internal component of the water tank 10. Also shown in 

30 Fig. la for additional safety is an integral thermostat 23' which is typically provided 
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as a standard feature for controlling the heating element 13, although normally it is 
rendered redundant by the control unit 22. 

Fig. lb shows a second embodiment similar in most respects to the first 
embodiment wherein like components are designated by identical reference 

5 numerals. The principal distinction between the two embodiments resides in the 
manner in which the thermocouples are bonded to the wall of the hot water tank 10. 
In Fig. lb, an electrically conductive sleeve 33 having a base portion 34 is inserted 
lengthwise into the tank 10 and forms an inner wall of the tank, to whose inside 
surface the thermocouple wires are soldered. Here again, the inside surface of the 

10 sleeve 33 makes no contact with the water in the tank and the thermocouple 
junctions are thus protected against corrosion or amortization. The base portion 34 
may also serve as the support for the heating element 13 and the thermostat 23' so 
that the heating element 13, the thermostat 23' as well as the sleeve 33 may be 
inserted into the tank 10 together. 

15 Thus, within the context of the description and the appended claims, the 

term 4t waH" when used in association with the tank 10, envisages any barrier which 
spans the height of the tank and serves to contain water therein. In particular, this 
includes either the outer wall 14 of the tank as shown in Fig. la or an inner wall 
thereof as embodied by the sleeve 33 shown in Fig. lb. 

20 Fig. 2 shows functionally the principal components in the control unit 22. A 

thermistor 23 (constituting a temperature sensor) is provided outside the control 
unit 22 close to the terminal strip 31 of the thermocouple junction for measuring an 
ambient temperature in a vicinity thereof and producing a signal representative 
thereof. The thermocouple signals are directed from the terminal strip 31 to the 

25 control unit 22 and are fed to an amplifier 24 for amplifying the thermocouple 
voltages so as to produce respective amplified thermocouple signals. A look-up 
table 25 (constituting a converter) is coupled to the thermistor and is responsive to 
the signal produced thereby for converting the signal to an equivalent thermocouple 
signal corresponding to the ambient temperature. An adder 26 is coupled to the 

30 look-up table 25 and is adapted to be connected to each of the thermocouple wires 
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15, 16, 17, 18 and 19, via the terminal strip 31, for adding to respective amplified 
thermocouple signals produced thereby the equivalent thermocouple signal so as to 
produce a respective absolute thermocouple signal. A processor 28 coupled to the 
adder is responsive to each of the absolute thermocouple signals for producing a 

5 respective absolute temperature reading, which is displayed on a display 30 coupled 
to the processor 28. 

The look-up table 25, the adder 26 and the processor 28 can be constituted 
by a suitably programmed microprocessor. The processor 28 can, if desired, be 
replaced by a second look-up table. Likewise, the look-up table 25 can be 

io integrated within the processor 28 which may be programmed to calculate the 
equivalent thermocouple signal according to a pre-determined function. A 
keyboard 29 is coupled to the processor 28 and constitutes a temperature set device 
for manually setting a desired water temperature. As will be explained below, the 
keyboard 29 also serves as a quantity set device for manually setting data 

15 representative of a required quantity of water, and as a time set device for manually 
setting data representative of a specified time when the required quantity of hot 
water must be available. A display 30 is coupled to the processor 28 for displaying 
data entered by the user as well as water temperatures and quantities calculated by 
the control unit 22. The heating element 13 is energized via a heating control unit 

20 35, which is responsively coupled to the processor 28 so as to be controlled thereby. 

Referring to Fig. 3 the operation of the control unit 22 will now be described 
for determining the quantity Q of water available at a desired shower temperature. 
First, the voltage generated by the thermistor 23 is measured. This voltage value is 
translated through the look-up table 25 to another value called the equivalent value. 

25 The equivalent value is exactly the same value of an amplified voltage in the 
control unit 22 that should have been sourced by a virtual thermocouple whose one 
edge temperature is the same temperature as the thermistor environment and the 
other edge temperature is 0°C. This equivalent value is added arithmetically to the 
amplified voltage value of each one of the five thermocouples 15, 16, 17, 18 and 

30 19. The resulting values are relative to the absolute temperatures (i.e. temperatures 
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The total estimated quantity Q of shower water is the sum of all 0, (i = 1 to 

n\ i.e.: 



In the more general case where the profile thermocouples do not span the 
5 complete volume of the tank and/or are not equally spaced, the estimated quantity 
Qi of shower water relevant to thermocouple i which represents Um? of the boiler 
volume is given by: 



io thermocouple. 

If desired, Q can be converted to a number of available showers for a 
specific user requiring a known average water consumption per shower, by dividing 
Q by the user's average water consumption per shower entered via the keyboard 28. 
Likewise, the time duration for which shower water at the required temperature is 

15 available may be calculated by dividing Q by a known average water flow rate in 
the shower. This can be measured either by means of a flow meter or 
experimentally. For example, the user can measure the time it takes to fill a bucket 
of known volume with shower water. The result can then be entered via the 
keyboard 29. 

20 Alternatively, the user can enter a required number of showers and the 

control unit 22 may be adapted to multiply it by his given average water 
consumption per shower to derive the required shower water quantity N y or he can 
enter the required shower duration and the control unit 22 may be adapted to 
multiply it by the given average water flow rate in the shower to derive required 

25 shower water quantity N. 




Q, 




Where w, is the fractional volume of the water tank served by the I 
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Referring to Fig. 5 the operation of the control unit 22 will now be described 
for automatically controlling the heating element so that the desired quantity Q of 
water at the desired shower temperature will be available at a specified time /. 

The present water quantity Q for hot shower or very hot shower is first 
5 estimated according to the algorithm described above with reference to Fig. 4. If Q 
is greater than the user demand AT then there is no need to heat the water tank, so 
the heating element 13 is disabled. If Q is less than N, then the heating element 13 
must be energized for sufficient time that N should be ready at time t. The heating 
duration At is relative to the difference between N and Q and it is read from a 
10 look-up table or is computed according to a pre-programmed function. The heating 
is started at a time (t - At). Whenever Q is greater than N the heating element is 
disabled. 

It will be appreciated that modifications will be apparent to one of average 
skill in the art without departing from the scope of the invention as defined by the 

15 attached claims. For example, the principles of the invention are equally applicable 
to thermocouples formed of materials other than iron and constantin. Likewise, 
whilst in the preferred embodiment, four profile thermocouples are employed, it 
will be appreciated that this number may be varied if desired. The minimum 
number required is two plus one for measuring the cold water temperature, wherein 

20 one of the thermocouples is a reference thermocouple located at a height near a 
level of the cold water inlet or in the inlet cock of the hot water tank or at the user's 
cold water cock so as to provide a first signal indicative of the temperature of cold 
water. 

It will also be noted that the invention encompasses controlling the heating 
25 element so as to provide either a specified volume of "shower water" or sufficient 
"shower water" for a specified time duration or for a specified number of showers 
at a specified time. The specified time can be entered directly via the keyboard 29 
or via any other suitable interface. Alternatively, an incremental time interval can 
be entered starting from the current time can be entered, allowing the control unit 
30 22 to compute the time at which hot water must be ready. 
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The desired hot water temperature may be entered in several ways. It can be 
entered via the keyboard; or a code can be entered indicative of the desired water 
temperature. For example, two settings may be provided: 40°C for a moderately hot 
shower and 45 °C for a very hot shower, and the desired setting can be entered via 

5 the keyboard 29 or via any other suitable interface. 

It will also be appreciated that the algorithms described for computing the 
available quantity Q of water at the desired temperature and for controlling the 
heating element are also applicable for hot water tanks and boilers employing 
conventional temperature sensors. 

io It will also be understood that the term "shower" is used by way of example. 

The principles of the invention are equally applicable to the controlled heating of a 
desired volume of tank water for any purpose, be it for a shower, bath, washing 
dishes or for any other purpose. Within the appended claims, the term "usable 
water" implies water at a desired temperature which is produced by mixing hot 

15 water already available in the tank with cold water obtained from the cold water 
supply so as to achieve a comfortable operating temperature for a required purpose. 

It should also be noted that whilst in the preferred embodiments, the profile 
thermocouples are displaced equal intervals in the tank, this is not essential. The 
principles of the invention as described are equally applicable when spacing the 

20 thermocouples apart at different mutual distances and changing the formulae 
accordingly as explained above. 

Finally, it will be appreciated that the control unit can be provided as a 
separate add-on unit for connecting to temperature sensors associated with a hot 
water tank. 

25 In the method claims which follow, alphabetic characters used to designate 

claim steps are provided for convenience only and do not imply any particular order 
of performing the steps. 
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CLAIMS: 

1. A hot water tank containing an electrically conductive wall, a heating 
element and at least three temperature sensors disposed at respective heights of the 
tank for measuring local water temperature at respective points thereof, wherein 

5 each of the temperature sensors is an electrical conductor formed of a material 
different to that of the electrically conductive wall of the tank and which is bonded 
to the wall so as to form a thermocouple at a respective point of contact. 

2. The hot water tank according to Claim 1, wherein one of the 
thermocouples is a reference thermocouple located at a height near a level of the 

10 cold water inlet of the hot water tank so as to provide a first signal indicative of a 
temperature of cold water entering the tank, and remaining ones of said 
thermocouples are profile thermocouples displaced vertically along the wall of the 
tank so as to provide respective second signals indicative of a temperature profile 
of water in the tank. 

15 3. The hot water tank according to Claim 1, wherein one of the 
thermocouples is a reference thermocouple located in association with a cold water 
supply so as to provide a first signal indicative of a temperature of cold water for 
mixing externally with water in the tank, and remaining ones of said thermocouples 
are profile thermocouples displaced vertically along the wall of the tank so as to 

20 provide respective second signals indicative of a temperature profile of water in the 
tank. 

4. The hot water tank according to any one of the preceding claims, further 
including a control unit coupled to the thermocouples and responsive to respective 
signals produced thereby for estimating a quantity of water in the tank sufficient to 

25 produce a desired quantity of usable water and providing an indication thereof to a 
user. 

5. The hot water tank according to Claim 4, wherein the control unit 
comprises: 
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a temperature sensor for measuring a temperature near respective ends of 
the thermocouples remote from the hot water tank and producing a signal 
representative thereof, 

a converter coupled to the temperature sensor and responsive to said signal 
5 for converting said signal to an equivalent thermocouple signal corresponding to 
the temperature in said respective ends of the thermocouples, 

an adder coupled to the converter and adapted to be connected to each of the 
thermocouples for adding to respective thermocouple signals the equivalent 
thermocouple signal so as to produce a respective absolute thermocouple signal, 
io a processor coupled to the adder and responsive to each of the absolute 

thermocouple signals for producing a respective absolute temperature reading, and 

a display coupled to the processor for displaying said absolute temperature 
readings. 

6. The hot water tank according to Claim 5, wherein; 
15 the respective ends of the thermocouples remote from the hot water tank are 

anchored between the water tank and the control unit, and 

the thermocouple signals are fed to the control unit via auxiliary conductors 
formed of identical material, which is not necessarily identical to the material of the 
thermocouple wires. 

20 7. The hot water tank according to Claim 5, wherein the converter is a 
look-up table. 

8. The hot water tank according to Claim 5, wherein the converter is a 
computer programmed to calculate the equivalent thermocouple signal according to 
a predetermined function. 
25 9. The hot water tank according to any one of Claims 4 to 8 ? wherein the 
control unit further includes a temperature set device for manually setting a desired 
usable water temperature, and is responsive thereto for estimating an available 
quantity of water in the tank sufficient to produce a desired quantity of usable water 
having the desired water temperature. 
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10. The hot water tank according to Claim 9, wherein the converter, the adder 
and the processor are constituted by a suitably programmed microprocessor. 

11. The hot water tank according to Claim 10 when dependent on Claim 3, 
wherein the control unit is adapted to: 

(a) compute a difference &T W between the desired usable water temperature 
and the cold water temperature, and 

for each of the profile thermocouples: 

(b) compute a temperature difference A 7/ between the water temperature 
measured by the respective thermocouple and the cold water 
temperature, 

(c) compute a volumetric fraction of usable water in the tank having an 
average temperature equal to the desired temperature as a function of: 



where 1/m, is a fraction of the volume V of the hot water tank served by the i 
thermocouple, 

(d) accumulating each of the volumetric fractions of usable water in the 
tank so as to provide an average accumulated volume of usable water in 
the tank having the desired temperature, and 

(e) displaying the average accumulated volume of usable water in the tank 
having the desired temperature. 

12. The hot water tank according to Claim 9, wherein the control unit is 
adapted to control a rate at which water in the tank is heated so that a required 
quantity of water at said desired usable water temperature is available at a specified 
time. 

13. The hot water tank according to Claim 12, wherein the control unit 
includes: 

a quantity set device for manually setting data representative of said required 
quantity of usable water, and 




AT 

w 



AT, 
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a time set device for manually setting data representative of said specified 

time. 

14. The hot water tank according to Claim 13, wherein said data is a required 
volume of usable water. 
5 15. The hot water tank according to Claim 13, wherein said data is a required 
number of showers. 

16. The hot water tank according to Claim 13, wherein said data is a required 
shower duration. 

17. The hot water tank according to Claim 13, wherein the control unit is 
io adapted to: 

(a) estimate according to Claim 1 1 a present quantity of usable water in the 
tank whose temperature is equal to the desired temperature, 

(b) if the present quantity of shower water in the tank estimated in step (a) 
exceeds the required quantity of usable water, disabling the heating 

15 element, otherwise: 

i) determining a time duration At for which the water must be 
heated in order to bring it up to the desired temperature, 

ii) enabling the heating element at a start time equal to At prior to 
the specified time, and 

20 (c) repeating steps (a) and (b). 

18. The hot water tank according to Claim 17, wherein the control unit 
includes a time duration look-up table for determining the time duration At in step 
(c). 

19. The hot water tank according to any one of the preceding claims, wherein 
25 the material from which the electrical conductors are formed is constantin. 

20. The hot water tank according to any one of the preceding claims, wherein 
the electrically conductive wall is an outer wall of the tank. 

21. The hot water tank according to any one of the Claims 1 to 19, wherein the 
electrically conductive wall is an inside surface of a sleeve inserted lengthwise into 

30 the tank . 
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22. A method for estimating an available quantity of usable water having a 
desired water temperature from a hot water tank fed by cold water heated by a 
controllable heating element, the tank having a plurality of spaced apart profile 
temperature sensors for measuring a temperature profile through the tank and a 
cold water sensor for determining a temperature of cold water for mixing externally 
with water in the tank so as to produce said usable water, the method comprising 
the steps of: 

(a) computing a difference AT W between the desired usable water 
temperature and the cold water temperature, and 

for each of the profile temperature sensors: 

(b) computing a temperature difference A7/ between the water temperature 
measured by the respective temperature sensor and the cold water 
temperature, 

(c) computing a volumetric fraction of usable water in the tank having an 
average temperature equal to the desired temperature as a function of: 

I .y. ^ 



mi AT W 

where \lm\ is a fraction of the volume V of the hot water tank served by the i 
thermocouple, and 

(d) accumulating each of the volumetric fractions of usable water in the 
tank so as to provide an average accumulated volume of usable water in 
the tank having the desired temperature. 

23. The method according to Claim 20 for controlling the heating element 
based on the estimated available quantity of usable water having the desired water 
temperature, further comprising the steps of: 

(e) entering data representative of a specified time at which the required 
usable water is required, 
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(f) if the present quantity of usable water in the tank estimated in step (a) 
exceeds the required quantity of usable water, disabling the heating 
element, otherwise: 

(g) determining a time duration At for which the water must be heated in 
order to bring it up to sufficient temperature so that if necessary, when 
mixed with cold water, the usable water is of the desired temperature, 

(h) enabling the heating element at a start time equal to At prior to the 
specified time represented by the data specified in (e), and 

(i) repeating steps (b) to (d) and (f) to (h). 

24. A control unit for a hot water tank containing an electrically conductive 
wall, a heating element and at least three thermocouples disposed at respective 
heights of the tank for measuring local water temperature at respective points 
thereof, the control unit comprising: 

a temperature sensor for measuring a temperature near respective ends of 
the thermocouples remote from the hot water tank and producing a signal 
representative thereof, 

a converter coupled to the temperature sensor and responsive to said signal 
for converting said signal to an equivalent thermocouple signal corresponding to 
the temperature in said respective ends of the thermocouples, 

an adder coupled to the converter and adapted to be connected to each of the 
thermocouples for adding to respective thermocouple signals the equivalent 
thermocouple signal so as to produce a respective absolute thermocouple signal, 

a processor coupled to the adder and responsive to each of the absolute 
thermocouple signals for producing a respective absolute temperature reading, and 

a display coupled to the processor for displaying said absolute temperature 
readings. 

25. The control unit according to Claim 24, wherein the converter is a look-up 
table. 
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26. The control unit according to Claim 24, wherein the converter is a 
computer programmed to calculate the equivalent thermocouple signal according to 
a predetermined function. 

27. The control unit according to any one of Claims 24 to 26, further including 
5 a temperature set device for manually setting a desired usable water temperature, 

and being responsive thereto for estimating an available quantity of water in the 
tank sufficient to produce a desired quantity of usable water having the desired 
water temperature. 

28. The control unit according to Claim 27, wherein the converter, the adder 
l o and the processor are constituted by a suitably programmed microprocessor. 

29. The control unit according to any one of Claims 24 to 28 wherein one of 
the thermocouples is a reference thermocouple located in association with a cold 
water supply so as to provide a first signal indicative of a temperature of cold water 
for mixing externally with water in the tank, and remaining ones of said 

15 thermocouples are profile thermocouples displaced vertically along the wall of the 
tank so as to provide respective second signals indicative of a temperature profile 
of water in the tank, the control unit being adapted to: 



(b) compute a temperature difference AT/ between the water temperature 
measured by the respective thermocouple and the cold water 
temperature, 

(c) compute a volumetric fraction of usable water in the tank having an 



20 



(a) compute a difference AT W between the desired usable water temperature 

and the cold water temperature, and 
for each of the profile thermocouples: 



25 



average temperature equal to the desired temperature as a function of: 




where is a fraction of the volume V of the hot water tank served by the / 
thermocouple, 
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(d) accumulating each of the volumetric fractions of usable water in the 
tank so as to provide an average accumulated volume of usable water in 
the tank having the desired temperature, and 

(e) displaying the average accumulated volume of usable water in the tank 
having the desired temperature. 

30. The control unit according to Claim 29, being adapted to control a rate at 
which water in the tank is heated so that a required quantity of water at said desired 
usable water temperature is available at a specified time. 

31. The control unit according to Claim 30, including: 

a quantity set device for manually setting data representative of said required 
quantity of usable water, and 

a time set device for manually setting data representative of said specified 

time. 

32. The control unit according to Claim 31, wherein said data is a required 
volume of usable water. 

33. The control unit according to Claim 31, wherein said data is a required 
number of showers. 

34. The control unit according to Claim 31, wherein said data is a required 
shower duration. 

35. The control unit according to Claim 3 1 , being adapted to: 

(a) estimate according to Claim 1 1 a present quantity of usable water in the 
tank whose temperature is equal to the desired temperature, 

(b) if the present quantity of shower water in the tank estimated in step (a) 
exceeds the required quantity of usable water, disabling the heating 
element, otherwise: 

i) determining a time duration At for which the water must be 
heated in order to bring it up to the desired temperature, 

ii) enabling the heating element at a start time equal to At prior to 
the specified time, and 

(c) repeating steps (a) and (b). 
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36. The control unit according to Claim 35, including a time duration look-up 
table for determining the time duration At in step (c). 
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FIG. 1a 
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Measure the thermistor voltage to 
get the environment temperature. 



Get from look-up table the equivalent value of the 
thermistor voltage to amplified voltage of 
iron-constantin thermocouple. 



Amplify the thermocouple 
voltage and measure it. 



Add to the thermocouple amplified voltage value the 
thermistor's equivalent value derived from the look-up table. 



Transfer the result to look-up table and get from it 
the absolute temperature sensed by the thermocouple. 



Repeat for all thermocouples 
in the system. 



FIG. 3 
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r 




Get the temperature of the five 
thermocouples as described in Fig. 3. 



Get parameter entered by the user: 
hot showers 
or 

very hot showers. 



Q = 


0 


/ = 1 





4 

i 

Calculate the shower water quantity relevant to thermocouple i 
as follows: 



Q = Q + 0.25 * V*(T/-C)/(S-C) 

Where: 

Q - shower water quantity. 

V - whole boiler volume (given). 

Ti - the temperature of thermocouple i . 

C- cold water temperature as measured 

by thermocouple number 5. 
S- parameter of the shower temperature as entered 
by the user: 

40 degrees for hot shower, 
or 

45 degrees for very hot shower. 




n 





y 

r 




Display Q (total shower water quantity). 





FIG. 4 



WO 00/58668 



PCT/IL00/00159 



6/6 



Get parameters entered by user: 

N - requested water quantity for hot shower or very hot shower, 
t - requested time for N to be ready. 



Calculate Q. 
Where: 

Q- the present estimated quantity of shower water in the 
boiler as described in Fig. 4. 




Shut down the heating 
element or keep it off. 



n 






r 


Get from look-up table the value h. 


Where: 




h - the operating duration of the heating 


element to reach from Q to N. 



Operate the heating 
element. 




FIG. 5 
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